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Physics Inst imeni Lebedev
Acad Sci USSR

Tn 1945 %, M. Bul and T. M. Qol'dman (1) showed that barium titanate has
properties wi:ch are characteristic of seignetto-dielectrics. A condenser with
a barium titanate dielectric is nonlinear, i. e., iis capacitance depends on the
. voltage applied.

Nonlinear condensers can be used for various purposes. The wo~i of V. P.
Vologdin (2) and others (3) on the creation ol a frequency multipiie: 58 basea
on the uge of these condensers. The frequency mcdulator apd ivequescy coaverter
(3) 8lso provide examples of tke use of seiguettcelectiric condenscrs as nou-
lipsax elements of a cin‘.uit. .

We have carried out investigations into the possinhility of voltaea stabil-
ization based on barium titanate rondensers. The idea of such stabilisation is
very simple and reduces to the following: an altcruating voltage U is applied
t0 two condensers in series, ome, C;, belag linear (mice) and the othker. Cy,
being nonlinear {barium titsuate). ~The voltage U divides in the invers= ratio
of the capacitancqs. The capacitance of the condemser C, increases with tue
applied voltage. When the total voltage changes, e.g., If 1t increases, the
voltage applied to the condenser C, will also increase, vhereupon %ts capacitance

,  increases and therefore the relative increase of voltage at the nonlinear com-
denser Up ~_ U is less than the relative increase in the total voltage.
1 :
- Ty

The first problem to be solved was that of s2lecting a material for the
nonlitear confensers which would satiafy both the technical requirexnents end
toe need for tlhe closet relation between the dlelectric comstant and ths volt-
age. Commercially pure barium metatitanate has a very high aintering temperature.
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The Iimtroduction of certain additives lowers the sintering temperature aud.alters
the relastiorship. ' Increasing the additive content lowers the initial value of

the dielectric constant and shifte the maximum of the dielectric constant-applied
voltage curve towards the low voltapze side. Cousequently, tlie nonlinearity of the
gpecimens with additives is ~onsiderably more pronounced aud is manifested st low-
er volsages. The cause of this pheromenon 1s evidently the fzct: that the additives
make the crystalline lettice more “porous”; the cohegion of some of the ions de-
creases and the nonlinearity and sasuration effects are shifted towerds the low
voltage side. A material coitaining 1.5 percent sdditives was gelected for the
dielectric of the nonlinear condensers.

Exrerimental investigation of a circuit containing two condensere in series--
one linear, the other nonlinear--disclosed that this scheme is impracticable. I%
does not give sufficient voltage gtabililzation even under nc-lcad conditions.
Moreover, putting & load in purallel with Cp affects the voltage distribution,
which resuits in additional deterioration of the stabilization.

% this point, a mathematical treatment is presented with the aid of the
fellowing graphs: capanitance and dieleciric-logg angle of the barium titanate
condensers {used in the experiments) versus voltage; voltage across C; and C,
versus applied voltage; and (referring to circuilt dlagram below) the differefce
voitage & U versus input voltage U for different velues of the linear condenser
¢y (Cl = 0.45, 0.23, 0.20, 0.16, 0.13 and 0.10 mfd.); the infiuvence of resistor
R, on ke relationship betweer the difference voltage A U and input voltage U
{Tor R; -~ 0, 1, 2, T kilohms--latter curve checked scbisfactorily with calculaied
curve for Ry - 5 kilohms); apd the difference voltage AU versus input voltage U
for iﬁg: 0 and various velues for the load resistor R (R - infinity, R = 30 and 20
kilohtts).

Equations were derived for Up and it3 derivative (in the simple series case),
for AU with full compensation for phase distortion (caused by lossee in-the
barium titanatc condensers) and power in *he diagonal (approximaste). Analysis of
the latter equation showed that 1” the capacitance of C; and C; is incressed n
tithes, the outpub power also ircresses Ly n *tiwes.
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Circuit Diagram of Dielectric Stabilizer Used in the Experirents

The nonlinear barium titanate condenser, as with all nonlinesr circuit ele-
ments, causes distortiocns in the voltes2 waveform which can be taken 7'o ac-
count in the analyticel solution of she differential equation which describes
the processes in the above circuit. Osrcillograms of the output voltages of the
Cielectric stahilizer ard ferrorevonant siabilizers of various systems showed that

the distortion of sinuenidel woltace cauced by +the Adolantris stahilinmer is no
worse than that caused by other iypee. At lower output voltages of the dinlec’ ic
stabilizer. gtable conditions can be obitained with considerable lsss voltage

distortion,
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The development and menufactit of the firss model of the dielectric ssab-
ilizer shoved that, for an cutput ol 50 watts, 1t can be made about *he same
size a8 a ferroresonant stebilizer, and its efficiency is considerably higher,
gince 1% dapends mainly on the efficlency of the transformer.

The logses in the differential circult itself are mainly due to the di-
electri: losses in the barium vitanate condensers. When the tangent of their
dielectrin-loss angies is 0.04, the eificiency of the differential circuit
approcaches 100 percent; the efficiency of transformer, cn the other hand, is
about 93 percent.

Meaguremens of siabilization factors of the dielectric stabilizer and of
+hree ferroresougnt stebilizers {widely used at present for stabilizing the out-
put voltage of measuring instraments) showed the following reaults dielectric
starilizer--0.000; ferroregonant stabilizers: EPA-15 ({oviet). 0.058; 162-a
{American)- 0.068; Siemens F Srgl (German) 0,110.

The above data ehows that the Soviet ferroresonant stabilizer gives the
best stabilization but that the dlelectric siabilizer, as regards quality of
gtabilizetion, 18 not inPerior to ferroresonant stabilizers {American and German).

The advantage of a dielectric stabilizer ss compared with a terroresonant
ore is in its aperiodicily, which mskes it insensliive to frequency oscillations.
Moreover, the manufrcturing technology for the dielectric stgbilizer is simple
in principie. 'The field of application of dielectric stabilizers, as with
ferroresonsnt ones, is fairly wide {stabilization of low power circuits, inpat
voltage of measuring instruments). The dielectric stabilizer can also be used
in -the high frequency renge since bharivm titanate retains its noniinearity over
a wvide range of frequencies.
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